In this stud y, the main characteristics and soil amendment 17 effect on the saline-alkali soil of humic acid ex tracted from solubilized 18 ex cess sludge (SS-HA) were investigated. The ex cess sludge was 19 solubilized prior to ex traction to improve the humic acid recovery rate. 20 The structural featu res of SS-HA were charact erized b y an elemental 21 anal ysis, Fourier transform infrared spectroscop y, and 1 H-nuclear 22 2 magnetic resonance spectroscop y, and compared with those of HA 1 ex tracted from non-solubilized ex cess sludge (ES-HA). The results 2 showed that extracti on efficienc y o f hu mic acid was enhanced b y using 3 solubilization, although structural properties of humic acid ex tracted 4 from solubilized ex cess sludge were al most same as those of ES-HA.
after addition of Canadian peat reported b y Kawakami et al. . 8 , 9 In the 20 environmental field, FA is known to s uppl y iron nutrients to the sea 21 because of its characteristicall y strongl y bondin g to iron. 1 0 FA also 22 has a role in environmental cleanup operations where its abilit y to form 23 4 complex es with metals makes it a useful coagulant for h armful heav y 1 metals and assists in detoxification of carcinogenic hex avalent 2 chromium. 11 In healthcare field, ph ys iological action on the human 3 bod y of HS has been studied in recent years. 1 2 , 1 3 4
In this stud y, to ex amine whether ES co uld be a new source of HS, Table 1 . allowed to stand for three da ys, after whi ch they were dried at 40 °C for 6 24 h. Each dried s oil sample was then shaken in pure wat er for 2 h 7 (soil:pure water = 1 :2.5 for pH, soil:pure water = 1:5 for E C), and pH 8 and EC were measured after filterin g through a 1-μm paper filter. Table 2 . The surface of the column was lit with a lamp 12 (57 W) for 8 h each day to accelerate evaporation during the ex periment.
13
After 21 da ys, pure water was poured into the apparatu s to cause 14 leaching. The upp er surface of the soil column was then dried until 15 day 90, and then hel d at room temperatu re until da y 157.
16
Holes at 10-cm intervals along the len gth of the soil column were used 17 to obtain samples fo r measurement of th e variations of pH and EC with 18 depth (Fig.2 were us ed so that th e soil layer in the co lumn would not be d isturbed b y 23 repeated collection of soil samples for pH and EC measurements.
1
To measure the ex changeable cation con centration (Na + , K + , Mg 2 + , 2 and Ca 2 + ) of the soil, 1.5-g soil samples were collected fro m the holes 3 in the side of the column (depths of 0, 10, 20, and 30 cm) on da y 90, 4 air-dried and passed through a 2-mm sieve and preserv ed for anal ysis. materials such as CP-HA (Table 5) . (Table 6 ) . 2 8 , 2 9 The structure of SS-HA was s hown to be 10 similar to that of E S-HA. The results of 1 H-NMR are cons istent with 11 the results obtained from elemental analys es and FT-IR. day 90 of the soil-column ex periments were con formed ( Fig. 9 ). Moreover, as a mechanical treatment, a beads-mill provides stable 17 solubilization results, and its operation and maintenance is simple.
18
The ex traction rate of HA from SS was higher than that of E S-HA
19
( Table 4 ). The use of solubilization as a pretreatment for ex traction 20 of HS increas ed the ex traction efficien cy fo r HA. The ex traction rate 21 we achieved fo r SS-HA approach ed that of CP-HA.
22
HA can have a wi de ran ge o f molecular wei ghts and sizes, (Table 7) .
13
Prior to column ex periment, pH bufferin g abilit y of SS-HA was of SS-HA application on the pH of the saline-alkali soil were confirmed.
18
As the results, the pH of the saline-alkali soil decreased 19 dose-dependentl y b y SS-HA application (Fig. 6 ).
20
Our soil-column experiment, we confirmed the amelioration 21 effects of SS-HA (Fig. 7) . The water potential gradient is affect ed b y 22 gravitational potential, capillar y potent ial, and osmotic potential. In The application of SS-HA was clearl y sh own to have a beneficial effect 20 b y improving the p h ysicochemical pro perties of the saline-alkali soil.
21
The SS-HA reduced the soil pH, and increased the concentrations of Convention. 4 1 B y comparison, ES is industrial waste that is widel y 5 and continuall y produced, and thus has the potential to be an 6 environmentall y sus tainable source of HS. We hope that this research 7 will contribute to the growth of the recyclin g societ y in the future to 8 minimize raw material consumption and t he amount of waste disposal in 9 the environment. 
